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(57) [Abstract] 
[Objective] 

When electrode of for example thick film chip resistor is 
formed etc, it relates to conductive paste composition which is 
used, when calcining crack does not occur, whilecalcining 
glass in resistor are not times when oozing it putsout in 
electrode surface , in addition adhesion strength of substrate 
and electrode ishigh, Furthermore it designates that 
conductive paste composition which does not have electrode 
undercut even with when with plating step plating 
adhesiveness is not good due to plating deficiency is offered 
as objective . 

[Constitution] 

It designates that average particle diameter at least in fine 
spherical shape silver powder 29~43parts by weight of 
average particle diameter 0.05-0.4;mu m and coarse grain 
spherical shape silver powder or coarse grain spherical shape 
silver sheath nickel powder 0.5-12parts by weight and major 
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Specification 



diameter of average particle diameter 0.8-3;mu m as 
conductive component of conductive paste composition 
contains flake silver powder 26-41 parts by weight of 2 - 
5.5;mu m asfeature. 



[Claim(s)] 
[Claim 1] 

conductive paste composition . where average particle 
diameter in fine spherical shape silver powder 29~43parts by 
weight of average particle diameter 0.05-0.4;mu m and the 
coarse grain spherical shape silver powder or coarse grain 
spherical shape silver sheath nickel powder 0.5~12parts by 
weight and major diameter of average particle diameter 
0.8~3;mu m contains the flake silver powder 26-41 parts by 
weight of 2 - 5.5;mu m as conductive component 

[Claim 2] 

conductive paste composition . where fine spherical shape 
silver powder 29~38parts by weight of average particle 
diameter 0.05-0.4;mu m and coarse grain spherical shape 
silver powder 3.5-1 1 .5parts by weight of the average particle 
diameter 0.8-2;mu m and average particle diameter in major 
diameter contain flake silver powder 26.5-40.5parts by 
weight of 2 -5;mu m as conductive component 

[Claim 3] 

fine spherical shape silver powder 29-43parts by weight and 
average particle diameter of average particle diameter 
0.05-0.4;mu m with 2 - 3;mu m the nickel content conductive 
paste composition . where coarse grain spherical shape silver 
sheath nickel powder 0.8-1 .5parts by weight of 20 - 60 
atom % and average particle diameter in the major diameter 
contain flake silver powder 29-38parts by weight of 2 - 5;mu 
m as conductive component 

[Claim 4] 

Adding palladium powder 0.5-2 parts by weight as 
conductive component , conductive paste composition . which 
it states in Claim 1 , 2 or 3 which becomes 

[Claim 5] 

As solid component yielding temperature with 400 - 550 deg 
C thermal expansion coefficient the glass frit 0.5-2 parts by 
weight of 5 - 9.5 X 1 0<sup>-6</sup>/ deg C and Claim 1 , 2, 
3 which contains copper and/or copper oxide 0.5-1. 5parts by 
weight or the conductive paste composition . which is stated 
in 4 



[Description of the Invention] 
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[0001] 

[Field of Industrial Application] 

this invention when electrode of thick film chip resistor which 
is used with for example electronics industry isformed etc, 
regards conductive paste composition which is used. 

[0002] 

[Prior Art] 

As description above thick film chip resistor is produced, 
passing by next kindof step generally. 

Namely, it prints silver -palladium conductive paste in 
alumina substrate top , it dries, calcines and afterforming top 
electrode , that it is piled up to portion of top electrode , 
itprints ruthenium resistive paste , it dries, calcines and forms 
resistor . 

In top of resistor printing and after drying, glass paste 
(precoat glass ) itcalcines with temperature approximately 600 
deg C, it destroys theportion of aforementioned resistor next 
with laser light and aftercorrecting resistance , again on 
resistor it prints, dries glass paste (overcoat glass ),calcines 
with temperature approximately 500 - 600 deg C. 

[0003] 

Next, it cuts off above-mentioned alumina substrate in small 
chip , the application does silver -palladium conductive paste 
in side face , with such as dipping or roller afterdrying in air 
calcines with temperature approximately 500 - 600 deg C and 
forms side face electrode . 

And lastly, for electrode undercut prevention at time of 
soldering , Ni plating , Sn -Pb plating etc being administered 
by top electrode and side face electrode which are 
exposed,thick film chip resistor is produced. 

[0004] 

And recently, it reached point where aforementioned top 
electrode and simultaneous firing which forms resistor with 
baking step of one time are donebecause of cost reduction . 

It is a method where simultaneous firing on alumina substrate 
silver -palladium conductive paste it prints, dries.that it is 
piled up to part of that, it prints, dries ruthenium resistive 
paste , calcines with temperature approximately 850 deg C 
and forms the top electrode and resistor . 

[0005] 

But, when above-mentioned simultaneous firing was done, 
crack to occur in resistor of joint vicinity of top electrode and 
resistor due to thedifference of thermal contraction when 
calcining, conductive paste component and resistive paste 
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component toreact while calcining, causing foaming in 
overlapping part of top electrode and resistor , variation of 
resistance and deterioration of current noise occurring, There 
was a problem which deterioration of plateability occurs. 

[0006] 

In addition, improvement on that of adhesion strength 
between substrate -electrode isdesired regarding general 
conductive paste „ but in case of chip resistor , with hydrogen 
which occurs at time of interior penetration and plating of 
plating liquid in Ni plating step adhesion strength between 
substrate -electrode decreasesconsiderably with deterioration 
of adhesive layer . 

In order adhesion strength to improve, dense electrode film 
must be formed. 

But, when electrode film is designated as dense , while 
calcining the glass in resistor oozing put out to electrode 
surface , adhesiveness of the plating was a or other problem 
which decreases considerably. 

[0007] 

[Problems to be Solved by the Invention] 

Considering to above-mentioned problem , being something 
which isproposed, when producing thick film chip resistor etc 
this invention with heat shrinkage difference , whencalcining 
crack does not occur, while calcining glass in the resistor are 
not times when oozing it puts out in electrode surface , 
inaddition adhesion strength of substrate and electrode is 
high, Furthermore it designates that conductive paste 
composition which does not have electrode undercut even 
with when with plating step plating adhesiveness is not good 
due to plating deficiency is offered as objective . 

[0008] 

[Means to Solve the Problems] 

In order to achieve above-mentioned objective conductive 
paste composition is somethingwhich is made configuration 
below with this invention . 

Namely, with this invention as for conductive paste 
composition , it designates that average particle diameter at 
least in fine spherical shape silver powder 29~43parts by 
weight of average particle diameter 0.05~0.4;mu m and 
coarse grain spherical shape silver powder or coarse grain 
spherical shape silver sheath nickel powder 0.5-1 2parts by 
weight and major diameter of average particle diameter 
0.8~3;mu m as conductive component contains flake silver 
powder 26-41 parts by weight of2 - 5.5;mu m as feature. 

[0009] 

[Working Principle] 
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Aforementioned crack etc occurring originates in top 
electrode whencalcining and timing of contraction of resistor 
and shrinkage of top electrode . 

When contraction rate of electrode depends on particle 
diameter of silver powder which isused, particle diameter is 
small generally, contraction onset temperature shift doing in 
the low temperature side , contraction rate becomes quick. 

On one hand, shrinkage of electrode when it improves, 
decreases the filling behavior of film when drying. 

Because of that, specific surface area of silver powder is 
small, fact that at thesame time relief of surface is little, 
furthermore organic vehicle wellgets wet is necessary . 

You consider to this, as for this inventor , discovering 
optimum shape , particle diameter and its blended amount of 
silver powder of preferred conductive component in 
conductive paste composition , being something which 
itmakes above-mentioned configuration , it becomes possible 
to offer thesatisfectory conductive paste which does not have 
fact that with that the crack etc occurs when calcining. 

[0010] 

Furthermore being something which mixes vehicle to other 
than theaforementioned conductive component in conductive 
paste of this invention , you can use, those of prior public 
knowledge such as for example cellulose type or those which 
melt resin of acrylic in terpineol or other solvent as vehicle . 

[0011] 

spherical shape of aforementioned fine spherical shape silver 
powder , degree of merits and demerits (major diameter /short 
diameter ) pointsto 1 - 2.5 ones, especially degree of merits 
and demerits 1 - 1 .25 ones, is moredesirable. 

Fact that those of spherical shape are used, unless it is a 
sphere , the sintering behavior of film decreasing, is because it 
is not desirable. 

In addition as for designating average particle diameter of fine 
spherical shape silver powder , as 0.05 -0.4;mu m , when 
average particle diameter is under 0.05 ;mu m , cohesion of the 
silver powder is easy to happen, dispersivity in vehicle 
decreases, amount used of vehicle becomes many. 

In addition when average particle diameter exceeds 0.4;mu 
m , is because dense film is not acquired by fully and is not 
desirable. 

Furthermore, when kneading behavior of vehicle etc is 
considered, average particle diameter of fine spherical shape 
silver powder 0.1 - 0.3;mu m extent is more desirable. 

[0012] 
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When as for degree of merits and demerits of coarse grain 
spherical shape silver powder or coarse grain spherical shape 
silver sheath nickel powder , beingsimilar to case of 
above-mentioned fine spherical shape silver powder , as for 
designating average particle diameter as 0.8 - 3;mu m , when 
it is under 0.8;mu m , there isnot an effect which holds down 
sintering behavior of film almost, inaddition average particle 
diameter exceeds 3;mu m , fineness of baked film decreases 
considerably, Is because adhesion strength of alumina 
substrate etc becomes weak and is notdesirable. 

Furthermore as for above-mentioned average particle 
diameter , there being a coarse grain spherical shape silver 
powder , 0.8- 2;mu m , coarse grain spherical shape silver 
sheath nickel powder , 2 - 3;mu m extent are more desirable. 

[0013] 

coarse grain spherical shape silver powder and coarse grain 
spherical shape silver sheath nickel powder may use 
whichever, but when silver sheath nickel powder is 
used,resistance solder undercut characteristic of electrode film 
itself it can improve because,it is more desirable. 

In addition when nickel content of silver sheath nickel powder 
range of 20 - 60 atom % isdesirable, it is under 20 atom %, 
effect which prevents electrode undercut at time of soldering 
decreases, when it exceeds 60 atom %, the sintering behavior 
of electrode film decreases. 

[0014] 

production method of silver sheath nickel powder is 
appropriate, but it can produce with the for example 
nonelectrolytic plating method etc. 

silver sheath nickel powder which possesses silver coating 
amount of option by fact thatconcretely, while agitating 
solution which includes silver ion in the sodium borohydride , 
ascorbic acid or other aqueous solution which for example 
beforehand disperses nickel powder , if it shouldhave added, 
controls quantity of nickel powder is acquired. 

In addition being possible to produce even with for example 
vapor deposition method , sheath is done nickel powder which 
is acquired silver of quantity of the option by fact that if silver 
vapor which heating and evaporation is done concretelyin for 
example nickel powder packing layer should have been made 
to pass, vapor deposition time controls. 

[0015] 

As for flake silver powder , aforementioned way average 
particle diameter in major diameter usesthose of range of 2 - 
5.5;mu m . 

When average particle diameter in major diameter is under 
2;mu m , in addition to thefact that uniform mixing becomes 
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difficult, fill factor of film whendrying effect which improves 
is little. 

In addition when it exceeds 5.5;mu m , it is likely to cause the 
plugging of screen occasion where fineness of baked film 
decreasesconsiderably, is furthermore because does screen 
printing etc. 

Furthermore when shrink property of electrode film is 
considered, those of rangeof 2.5 - 5;mu m are more desirable. 

In addition degree of merits and demerits of flake silver 
powder 1-5, furthermore shouldhave used those inside range 
of preferably 1-3.5, thickness 0.05 - 2;mu m , furthermore 
those of preferably 0.1 -1.2;mu m should have been used. 

[0016] 

blended amount of above-mentioned fine spherical shape 
silver powder , coarse grain spherical shape silver powder or 
coarse grain spherical shape silver sheath nickel powder , and 
flake silver powder , theaforementioned way fine spherical 
shape silver powder 29 - 43 parts by weight , coarse grain 
spherical shape silver powder or coarse grain spherical shape 
silver sheath nickel powder designates 0.5- 12 parts by 
weight , flake silver powder as 26 - 41 parts by weight . 

[0017] 

As for those where fine spherical shape silver powder is 
designated as 29 - 43 parts by weight , when itis under 29 
parts by weight , electrode film to become porous , adhesion 
strength of the alumina substrate etc decreasing, conduction 
resistance rising, when it is not desirable, inaddition exceeds 
43 parts by weight , baked film becomes too dense , Because 
shrinkage ratio of electrode when sintering becomes too large, 
isbecause exuding and crack of resistor glass it becomes easy 
to occur. 

[0018] 

When as for designating coarse grain spherical shape silver 
powder or coarse grain spherical shape silver sheath nickel 
powder , as inside range of 0.5- 12 parts by weight , under 0.5 
parts by weight it is difficult, exceeds 12 parts by weight 
tocontrol fineness of baked film , fineness of baked film 
decreasingconsiderably, is because it is not desirable. 

[0019] 

When as for those where flake silver powder is designated as 
inside range of 26- 41 parts by weight , when it exceeds 41 
parts by weight , fineness of baked film becomeslow and 
adhesion strength decreases, conduction resistance rises and is 
not desirable, inaddition it is under 26 parts by weight , 
contraction when calcining becoming toolarge, is because 
crack it is likely to occur. 
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[0020] 

Furthermore when coarse grain spherical shape silver powder 
is used, fine spherical shape silver powder 29 - 38 parts by 
weight , coarse grain spherical shape silver powder it is 
moredesirable to designate 3.5 - 1 1.5 parts by weight , flake 
silver powder as range of 26.5 - 40.5 parts by weight ,in 
addition when coarse grain spherical shape silver sheath 
nickel powder is used, fine spherical shape silver powder 29 - 
43 parts by weight , coarse grain spherical shape silver sheath 
nickel powder it is moredesirable to designate 0.8 - 1.5 parts 
by weight , flake silver powder as range of 29 - 38 parts by 
weight . 

[0021] 

Next, it is possible to add palladium powder as conductive 
component other thandescription above. 

It is not necessary, to add palladium powder always, but in 
order to prevent sulfide of silver , silver which forms for 
example electrode etc sulfide being done by sulfur 
characteristic gas etc in air , the electrode is a possibility line 
break of doing it is kind of when it isdesirable to add. 

As for addition quantity ,0.5-2 parts by weight extent are 
desirable. 

When it is little in comparison with that when effect 
whichprevents sulfide is less, is many excessively is because 
material cost increases. 

In addition there is not especially restriction concerning 
particle diameter of palladium powder , it is possible to be 
something of 0.05 - 3;mu m extent which are used generally. 

[0022] 

In addition in order to raise adhesion strength of substrate and 
electrode , as glass frit and inorganic binder as solid 
component copper or copper oxide or the both should have 
been added. 

In that case, yielding temperature and, thermal expansion 
coefficient those of 5 - 9.5 X 10<sup>-6</sup>/ deg Cextent 
should have been used with 400 - 550 deg C as glass frit . 

[0023] 

As for designating yielding temperature of glass frit as range 
of 400 -550 deg C, yielding temperature under 400 deg C 
glass comes to thesurface in electrode surface , gas bubble 
enters in electrode film , when there is apossibility or other 
disadvantage where decrease and conduction resistance of 
plating attachingcharacteristic rise occurring, in addition 
yielding temperature exceeds550 deg C, Is because effect 
where glass does not do and satisfactory fluidizing promotes 
reaction of sintering and copper and alumina substrate of the 

-:i : * : i 
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[0028] 

dim 



1995-11-14 

silver is not acquired. 
[0024] 

In addition what thermal expansion coefficient of glass frit is 
designated as 5 - 9.5 X 10<sup>-6</sup>/ deg C, when 
thermal expansion coefficient of glass frit differs alumina 
substrate or other thermal expansion coefficient 
(Approximately 7 X 1 0<sup>-6</sup>/ deg C ) with 
largely, with heat ageing and cooling and heating cycle 
excessive stress occurring in glass phase , isbecause 
disadvantage where adhesion strength decreases occurs. 

[0025] 

types of glass frit especially cannot be limited, PbO -B<sub>2 
</sub>0<sub>3 </sub>-SiO<sub>2 </sub> system and PbO 
-B<sub>2 </sub>0<sub>3 </sub>-ZnO system, can use PbO 
-SiO<sub>2 </sub>-Al <sub>2 </sub>0<sub>3 </sub> or 
other various ones. 

Furthermore, in order to hold down strength deterioration of 
glass phase with the Ni plating , those which include 
TiO<sub>2 </sub> are more ideal in theaforementioned glass 
frit. 

content of TiO<sub>2 </sub> 3-10 weight %extent is good. 

When under 3 wt% acid resistance of glass phase effect which 
improves islittle, exceeds 10 weight % is because yielding 
temperature of glass becomes too high. 

[0026] 

As for average particle diameter of glass frit , those of 1 - 
2.5;mu m are usedgenerally. 

In addition blended amount of glass frit 0.5 - 2 parts by 
weight extent is desirable. 

0.5 When under parts by weight adhesion strength of 
electrode and alumina substrate decreases, exceeds 2 parts by 
weight is because exuding of glass itbecomes easy to occur. 

[0027] 

Furthermore, according to need aforementioned way it should 
have added the copper powder or copper oxide or both , as 
inorganic binder addition quantity 0.5 - 1.5 parts by weight 
extent is desirable. 

When, it is under 0.5 parts by weight , when adhesion strength 
of electrode and alumina substrate decreases, in addition 
exceeds 1.5 parts by weight is because resistance and the 
temperature coefficient of electrical resistance or other 
resistor characteristic it is inferior. 

[0028] 

[Working Example(s)] 
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[0029] 

mvitLxit. f»»sM*ig8h mmmftm®. 

£fc:7b-$#|gt»a.Tli, 1-2 //m 



[0030] 



Below, you explain with this invention concerning exemplary 
Working Example and Comparative Example of conductive 
paste composition . 

Furthermore with Working Example and Comparative 
Example which it mentions later, silver powder and the glass 
frit etc below were used. 

[0029] 

As silver powder , including fine spherical shape silver 
powder , coarse grain spherical shape silver powder , coarse 
grain flake silver powder , you used those which it shows 
inbelow-mentioned Table 1 . 

Furthermore as spherical shape silver powder you used those 
of our supplied , in additionas flake silver powder , option 
time treating spherical shape silver powder of average particle 
diameter l~2;mu m with attritor mill , you used those which it 
formed in flake . 

Collecting types and particle form and average particle 
diameter of those silver powder to thebelow-mentioned Table 
1 , it shows. 

[0030] 



m i 





mm*. 


Urn) 


S 1 




0. 1 


S2 




. 0. 3 


S3 




0. 8 


S4 




1 


S 5 




1. 5 


S6 




2 


F 1 




2. 5 


F2 




4 


F3 




5 


F4 




6 



[0031] [0031] 

&fc±faH4 3 <7)I$ : Kigfft S1-S6 Its tit Furthermore as for spherical shape silver powder S1-S6 of 
Hfcs/S(j!l£/$af£)A* 1-1 .25 0)J$ J RT?fc'5o above-mentioned in the table , in eachcase degree of merits 

and demerits (major diameter /short diameter ) is 1 - 1.25 
spherical shape . 

In addition average particle diameter of in the table of flake 
silver powder F1-F4, with average particle diameter of the 
major diameter , direct measurement doing with scanning 
electron microscope , is something which it sought. 



£fc7U-£ttlBf» F1-F4 (Z)g*<7)¥$*ag 
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1-3.5 0)ftmftX\ JI£A< 0.1-1.2 u m (DWiftft 
[0032] 

[0033] 

* 2 



In addition as for each flake silver powder , in each case 
degree of merits and demerits insidel - 3.5 ranges, thickness 
is something of flaky of 0. 1 - l .2;mu m . 

[0032] 

As silver sheath nickel powder , various ones which are 
produced with nonelectrolytic plating method were used. 

Collecting those average particle diameter and silver coating 
amount to below-mentioned Table 2 , itshows. 

Furthermore, shape in each case is spherical shape . 

[0033] 





w-mm (um) 


M&9M (M=i-%) 


Nl 


2. 3 


5 


N2 


2. 5 


25 


' N3 


2. 1 


4 5 


N4 


2. 8 


70 



[0034] 



l-lSji/mffcofc. 
[0035] 

S 3 



[0034] 

In addition, those of composition which is shown in 
below-mentioned Table 3 as glass frit were prepared. 

Yielding temperature , thermal expansion coefficient is shown 
together in in the table . 

Furthermore, average particle diameter of glass frit in each 
case was 1 - 2.5;mu m . 

[0035] 



£951 














PbO 


ftO, 


SiO, 


T10. 


CC) 


i o-'/t 


Gl 


69.2 


8.7 


3.3 


5.8 


4 2 5 


8. 1 


G2 


55.3 


9.9 


20 


7.1 


491 


6. 2 



[0039] [0039] 

CJ£$&0U] [Comparative Example ] 

-blBUfi&fil 1-16 lcSt"t*-2>tfc^0lJ 1-9 irLTT paste which consists of mixing ratio which is shown in 

IBS 5 IC7Ff*IE£it^<fcy te'S^— Xh£ ftJiE thebelow-mentioned Table 5 as Comparative Example 1-9 for 

Ltzo above-mentioned Working Example 1-16 wasdrawn up. 
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[0040] 



Furthennore, production main point and other condition of 
paste are similar to case of above-mentioned Working 
Example . 

[0040] 



« 5 





mm 






#7* 






Prifft 










wsxm 






mm 








a 


mm 


a 


mm 


a 


mm 


a 


mm 


a : 


as 


S3 




m 


a 


m 


® 


« 


SB 


« 


m 


iff 


m 


« 


as 




i 


SI 


37 






Fl 


37 


G2 


i 


CoO 


0.8 


i 


23.2 


2 


SI 


21.9 


S5 


10.9 


PI 


40.2 


G2 


i 


CuO 


0.8 


i 


24.2 


3 


S2 


28.8 


S5 


21.6 


P3 


21.6 


G2 


i 


CoO 


0.8 


i 


25.2 


4 


SI 


44.4 


S5 


29.6 






G2 


i 


CoO 


0.8 


i 


23.2 


5 






S5 


36.5 


Fl 


36.5 


G2 


i 


CoO 


0.8 


i 


24.2 


6 


S4 


40 


N3 


1 


F2 


33 


G2 


i 


CuO 


0.8 


i 


23.2 


7 


S2 


37 


N3 


1 


F4 


37 


G2 


i 


CoO 


0.8 


i 


22.2 


8 


S2 


37 


Nl 


1 


Fl 


37 


G2 


i 


CoO 


0.8 


i 


22.2 


9 


S2 


33 


N4 


1 


Fl 


39 


G2 


i 


CoO 


0.8 


i 


24.2 



[0041] 

±IBSIfcftl 1-16 «fcj:t/lt&0ij 1-9 X>®t>*ltz 
[0042] 



[0041] 

extent of oozing putting out of occurrence and glass of the 
adhesion strength , crack was inspected making use of 
above-mentioned Working Example 1-16 and the paste which 
is acquired with Comparative Example 1-9. 

Result is shown in below-mentioned Table 6 and Table 7 . 

[0042] 
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mm. (N/4 mm*) 




#7X© 


1 


7 1. 
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6 8. 
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6 5. 
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6 2. 
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7 5. 


1 


7 0 




O 


o 


4 


6 8. 


8 


6 6. 


1 


O 


o 


5 


70. 
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6 5. 


5 


o 


o 


6 


6 6. 


7 


6 2. 


4 


o 


o 


7 


70. 


1 


6 3. 


8 


o 


o 


8 


6 5. 


6 


6 0. 


9 


o 


o 


9 


6 7. 


5 


6 1. 


3 


o 


o 


10 


6 8. 


2 


64 




o 


o 


11 


6 7. 


8 


64. 


8 


o 


o 


12 


6 8. 


1 


6 2. 


9 


o 


o 


13 


7 1. 


6 


6 6. 


6 


0 


o 


14 


7 0. 


8 


6 5. 


1 


o 


o 
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6 9. 
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6 5. 


3 


o 


o 
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74. 


5 


6 9 




o 


o 



[0043] [0043] 

& 7 



mm 






#7X© 


i 


7 5. 


3 


7 1. 


5 


O 


X 


2 


5 5. 


9 


5 1. 


1 


X 


O 


3 


5 3. 


8 


4 9. 


3 


X 


O 


4 


6 7. 


4 


6 1. 


6 


X 


O 


5 
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4 3. 
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X 


O 


6 


5 7. 


5 


5 1. 


3 


X 


O 


7 


5 6. 


1 


5 0. 


4 


X 


O 


8 


6 9. 


9 


6 6. 


6 


O 


o 


9 


5 1. 


8 


44. 


6 


X 


o 



[0044] [0044] 

&fc±jE<Dffc^&/gl£&T<D<fc9l-LTlJ3'< Furthermore you inspected above-mentioned adhesion 
tz 0 strength like below. 
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fc-f . mis. 96 as%<7) i o7)^i-m 

tfLftOW-Ztflfo 8// m <hft£<fcdl:: 2mm fc<75/* 
•vK^7.-5"J->mfiSJLfc : t(D^. 120 deg C 
T? 15 »P B 1KJiLfc©*,IC x ^hi£iI8!&fi£*F 
IC<feye-^;Sg 850 deg C x 9 ttPalSlJiliU * 
0>/^/K±U:J?£ 5^m CD-^l^+^JifcL 
fc(7)*>IC v fig 0.65mm <D7.X;*y*fflfg£ 63 
«*%Sn-37 a«%Pd#H-e¥fflttltLfc 0 



[0045] 

ftfc\ ±!B(Dgio5iyi5t^i**Ba#itit^rot 

0>(#)8l$ii£)£:. *Ba#ltLfc(7)*,;gJS 150 deg 

c u 24 B#Paix- v>^n^ff ofct<D(x-s; 



[0046] 

|C 60(N/4mm 2 )&±fe*U£||ffllC&-f &C<hj!>< 
T'#&t<7)T% *#£WICJ:i>||{fc0i] 1-16 (D^<- 
Xhlit^-f^t, 60(N/4mm 2 )fcLtT*&o*:„ 



ZftlCftU Jt&flJ 2, 3. 5-7, 9 (J)*,© I* 60 
[0047] 

2mm «0)/\°<vK(Dtt^yiC 1.5mm 

*5/^KIB(E«l* lmm)irea»ro«gi^- 
R-12SX)&ttJftMJ*A< 8jU m IcftS 



[0048] 



1995-11-14 

First, in order on alumina substrate (Kyocera Corporation 
(DB 69-055-7624 ) make tradename A473 ) of 1 
inches-square of purity 96weight %, paste which is acquired 
with aforementioned Working Example and Comparative 
Example , for thickness whencalcining to become 
approximately 8;mu m , those which pad of2 mm square 
screen printing are done, 1 5 min after drying, peak 
temperature 850 deg CX 9 min arecalcined with temperature 
120 deg C with belt type continual sintering furnace , After 
administering nickel plating of thickness 5;mu m on pad , 
the[suzumekki ] copper wire of diameter 0.65mm soldering 
was done with 63 weight %Sn -37weight %Pd solder . 

[0045] 

Next, you bent above-mentioned [suzumekki ] copper wire to 
right angle with the pad end vis-a-vis substrate , pulling 
[suzumekki ] copper wire with while fixed the substrate with 
tensile tester , you measured adhesion strength . 

Furthermore, it measured above-mentioned tensile test those 
immediatelyafter soldering (initial stage intensity ) with, 
soldering after doing, those which did 24hour aging with 
temperature 150 deg C (aging intensity ) with concerning 
specimen of 2 kinds . 

[0046] 

As for above-mentioned initial stage intensity and aging 
intensity , if together 60 (N/4mm <sup>2 </sup> ) ormore it 
is, being something which in utility offering/accompanying 
itis possible, with this invention paste of Working Example 
1-16 in each case was 60(N/4mm <sup>2 </sup> ) or more. 

Vis-a-vis this, as for those of Comparative Example 2, 3 , 
5-7, 9 it understood that it cannotoffer to utility with 60 or 
less. 

[0047] 

In addition you inspected with main point below concerning 
presence or absence of crack . 

screen printing it did pad of plurality of 1.5 mm square in 
place of the pad of 2 mm square which were formed with 
namely, above-mentioned adhesion strength test after drying, 
in order baked film thick to become 8;mu m , the screen 
printing it did resistive paste (tradename R-12SX ) of our 
supplied in (As for distance 1 mm ) between pad which is 
adjacent after drying, calcining, it made simultaneous firing 
test piece . 

[0048] 

whether or not where crack occurs in connecting vicinity of 
electrode and resistor of simultaneous firing test piece was 
inspected with scanning electron microscope . 
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ittLtzto-Q* *%fmz&&nmm i~i6 icfc 



[0049] 

£bl-:tf7*<7)i#*f=U-liSLTIi, ±I5(D^ 
S**£&B3U M(/<9K)&£tftttt®tt*« 

ft ift icolnt edx ic«fe§®^#f 1= *y* r^xro 



fries 6 ts&vm 7 ici*. rt^x<D®#-tzLtf 

x91*MLfctO)T\*^BJirJ:^SIJ|Ei5>J 1-16 

ziiiznt. &mm 1 least vci4#5*a>** 

[0050] 

^fctf^X^'Jyhl*. HUSJf A< 400-550 deg 
C ftBSflfcfttf 5-9.5 x lO 6 / deg C (O 

■vhoaan*!* 0.5-1.5 aasp. 

0.5-1.5 BMM<tfa-C&«;:&$ttBLfe. 



[0051] 



ftt^yi-tl 0.5mm, S^fi^ 50mm ©BBS/** 

-> mm Ltz t o zmut m m o 

Ltzmft'W-^UnZ^m 250±5 deg C left 
■otz 2 Sft%Ag-62 M%Sn-36 M%Pb i&fifc 

o)*m®$\ z io 8>^^»LfcO)^ic§i#±if 
*ft<fc*ii^i=stt*tf*<fc*rca>*at 



[0052] 



1995-11-14 

In aforementioned Table 6 and Table 7 , in those which 
canrecognize 0 symbol , in those where it cannot recognize 
crack beingsomething which attaches, none crack could 
recognize X mark with this invention regarding Working 
Example 1-16. 

crack occurred vis-a-vis this, regarding Comparative Example 
2-7 and 9. 

[0049] 

You put out glass oozing with EDX with surface analysis 
furthermoreyou used simultaneous firing test piece in same 
way, as case where presence or absence of 
theabove-mentioned crack was inspected in regard to oozing 
putting outof glass , electrode (pad ) with concerning joint 
vicinity of resistor the evaluation . 

In aforementioned Table 6 or Table 7 , in those which do not 
have oozing putting out of glass 0 symbol , in those which 
have the oozing putting out being something which attaches, 
none oozing putting out of glass could recognize X mark with 
this invention regarding Working Example 1-16. 

It could recognize oozing putting out of glass vis-a-vis 
this,regarding Comparative Example 1. 

[0050] 

In addition as for glass frit , yielding temperature and, those 
where the thermal expansion coefficient has characteristic of 
5 - 9.5 X 10<sup>-6</sup>/ deg C was desirable with 400 - 
550 deg C, in addition as for addition quantity of glass frit as 
for 0.5 - 1 .5 parts by weight , inorganic binder verified that 
0.5 - 1.5 parts by weight are ideal. 

[0051] 

Furthermore it tested with main point below concerning 
solder resistance of paste which is acquired with 
aforementioned Working Example and Comparative 
Example . 

Namely, in place of pad which was formed with 
aforementioned adhesion strength test calcining those which 
circuit pattern of width 0.5mm , stretch length 50mm screen 
printing aredone with main point which is similar to 
description above, itforms electrode , 10 second after soaking, 
it repeats fact that itpulls up in solder bath of 2 wt% Ag 
-62weight %Sn -36weight %Pb composition which maintain 
conductor pattern specimen which formed electrode at 
temperature 250+/- 5 deg C, action, It cannot measure 
resistance of electrode and until resistance becomeshigh in 
extent which becomes, solder resistance evaluation was done 
with quantity of dipping number of times . 

[0052] 
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ItRtt 8 ©cb^l-ftaMO^&L^EO) Nl 

tt***je**=i#-c*ft<fty. tutu** 



[0036] 

uss^i i-i6 tLT.±m<D®®ttimtiim 

^^b(7)#||j5{5i5iJlcfclt§iB^tk¥^TlBa 4 
[0037] 



As a result, in each case 10 times or more soaking, was 
possible regarding the paste of Working Example 6-10 which 
uses silver sheath nickel powder , to measure resistance of the 
electrode , as for those which use silver sheath nickel powder 
it understood that theespecially solder resistance is good. 

As for this being because resistance solder undercut 
characteristic of electrode film itself is improved by fact that 
silver sheath nickel powder is used it becomes possible 
toprevent electrode undercut even with when in addition with 
plating step plating adhesiveness is not good with that due to 
plating deficiency . 

In addition like Comparative Example 6, 7 , 9 it was similar to 
description aboveconcerning those which use silver sheath 
nickel powder , but like Comparative Example 8 when as 
forthose which use aforementioned Nl where silver coating 
amount is littleuntil several times it soaks, it becomes 
impossible to measure resistance of electrode , silver coating 
amount is little, you could verify that solder resistance 
decreases. 

[0036] 

[Working Example 3 

As Working Example 1-16, it selected appropriately from 
above-mentioned silver powder , or midst of silver sheath 
nickel powder to that kneaded glass frit , inorganic binder , 
palladium (Pd ) powder , vehicle with 3 -roll mill and drew up 
various paste . 

mixing ratio in those each Working Example is shown in 
below-mentioned Table 4 . 

[0037] 
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[0038] 

±fBHJ60iJlcfc^ri*»l«l^^^]<!:L 
"C, £*lctIBf<LfcJ;?lct3$3l-iR<DB&<biS 

-ffl(cu 2 o)*fci*isn i m<Dmt%-m 
(Cuo)tL<it&mmmmi^tzc 

£*tta>t ) <D(gttSU§n t n € SPF-030)^fflL^= o 

15 W.m%%MLtzT)l't?**-)\'$:mi*tz 0 
[0053] 

[HB^roa^] 



[0038] 

Furthermore, as stated even in in the table as inorganic binder 
regarding theabove-mentioned Working Example , copper (I ) 
oxide of reagent primary (Cu <sub>2 </sub>0 ) or copper 
(II ) oxide of reagent primary (CuO ) or metallic copper 
powder was used. 

In addition thing (Our supplied jtradename SPF-030 ) of 
spherical shape of average particle diameter 0.3;mu m was 
usedas palladium powder . 

Furthermore, terpineol which ethyl cellulose 15 weight % is 
melted was used as vehicle . 

[0053] 

[Effects of the Invention] 

Way above you explain, with this invention as for conductive 
paste composition , as by factthat fine spherical shape silver 
powder and coarse grain spherical shape silver powder or 
spherical shape silver sheath nickel powder and flake silver 
powder are containedwith aforementioned condition as 
conductive component , conductive paste which issuperior in 
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adhesion strength or other characteristic can be offered, When 
producing for example thick film chip resistor , when top 
electrode and resistor are formed with baking step of one 
time , aforementioned conventional way exuding 
ofoccurrence and glass of crack can be prevented. 

In addition when especially silver sheath nickel powder is 
used, solder resistance greatly itcan improve such as there is 
an effect. 
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